Aim Little is known about the challenges of transitioning from school to university for young people with Type 1 diabetes. In a national survey, we investigated the impact of entering and attending university on diabetes self-care in students with Type 1 diabetes in all UK universities.
Introduction
There are an estimated 25 357 young people aged under 24 years old with Type 1 diabetes in the UK [1] . Type 1 diabetes is associated with increased risk of long-term complications, and increased morbidity and mortality [2] [3] [4] [5] . Much of this excess risk can be mitigated by achieving and maintaining optimal glycaemic control [6] . Optimal glycaemic control requires frequent blood glucose monitoring and active insulin dose titration tailored to dietary intake and physical activity, which is always complex and challenging, especially during times of change such as puberty and adolescence, when a marked deterioration in glycaemic control is common [7, 8] .
Young people with diabetes go through many transitions: from paediatric to adult diabetes services; from a family support structure to independent living; from school to university, or on to the world of employment. During the transition from paediatric to adult services, many lose contact with their local diabetes team, increasing the risk of poor metabolic control and emergency hospital admission [9] [10] [11] , poorer educational and vocational outcomes [12] , and mortality [13] . The importance of transitional care in the UK is emphasized in national policy [14, 15] , but the risk associated with the later transition from home to university for many young adults has been a neglected area. The transition from home to university is a period of tremendous change for all young people, with particular challenges for those with a long-term health condition. A new home environment, lack of parental involvement, irregular timetables, risk-taking behaviours, contraception issues, alcohol and peer pressure all have substantial impacts on diabetes self-care [16] [17] [18] [19] [20] [21] . A lack of continuity in diabetes care as students move away from home can also undermine healthcare professionals' ability to meet young adults' needs [22, 23] .
Although 43% of school leavers in the UK now attend university [24] , there is little research on the experiences of students with Type 1 diabetes. The aim of this study was to investigate the experiences of university students with Type 1 diabetes and to describe the impact of this transition on their diabetes care and self-management.
Methods

Questionnaire design
The questionnaire was designed to investigate the experiences of young people with Type 1 diabetes studying at university (Doc. S1). It included a broad range of questions on diabetes management at university, diabetes problems since university, experiences of healthcare services, and advice and support at university. Demographic data included gender, current age, ethnicity, age at diagnosis, home and university town, current year of study, and residence during holidays and term time. The questionnaire was developed by the study team (including practitioners based in university medical practices and diabetes specialist services). Additional input was provided by the project advisory group [including diabetes specialists and researchers, university general practitioners (GPs) and Diabetes UK], current and recent university students and their families, via Diabetes UK online networks. The questionnaire was first piloted with a small group of students at a local university and refined further where required. It contained 45 questions that were divided into six sections (personal and university details, diabetes management, diabetes experience and communication with healthcare professionals). Respond formats were mixture of single and multiple choices and different scale. It allowed free text for comments (Doc. S1).
Data collection
Some 91 hospitals and 88 GP practices located on university campuses or affiliated to a nearby university were invited to participate in the study by distributing questionnaires to university students, aged 18-24 years, with Type 1 diabetes. In total 64 hospitals (51 in England, six in Scotland, four in Northern Ireland, three in Wales) and 37 university medical practices (31 in England, six in Scotland) sent the study questionnaire and participant information sheet to eligible patients between June 2013 and June 2014. The sample comprised 1865 students identified by their healthcare team as eligible. Participants who completed the questionnaire returned it either directly to the central study team via a freepost envelope or completed the survey online. Information publicising the study was also placed on key website networks (e.g. Diabetes UK) and via university student support services.
NHS ethical approval was obtained from the NRES Committee East Midlands -Leicester (12/EM/0165). Research and development approval to conduct the research was given by individual participating hospital trusts in England and Wales, primary care trusts in England, health boards in Scotland and health and social care trusts in Northern Ireland from where the students would be recruited.
Data analysis
Demographic variables and outcomes were summarized using numbers and percentages for categorical factors and mean and standard deviation (SD) for continuous factors. The association between demographic variables (gender, age, diagnosis before or during university, lived away from home, used an insulin pump and home or university healthcare provider) and the experience of diabetes problems at university [HbA 1c > 59 mmol/mol (7.5%), HbA 1c > 76 mmol/mol (9.1%), harder perceived self-management, more than three hypoglycaemia episodes per week, severe hypoglycaemia, diabetes-related hospital admissions and retinal complications] were assessed using logistic regression models adjusting for all the demographic variables listed above. The association between demographic variables and issues affecting glycaemic control was also assessed using the same modelling approach. The analysis was conducted using IBM Statistics SPSS 22 for Windows. The open-ended comments
What's new?
• This national survey is unique and captured data from approximately one-third of all students with Type 1 diabetes at UK universities.
• Current diabetes care systems for university students are not functioning well, resulting in poor glycaemic control (25% higher HbA 1c , 63% increased difficulty in diabetes management), diabetes complications that interrupt studies (43% frequent hypoglycaemia) and excess hospital admissions (25%).
• Higher risk groups were female students (hypoglycaemia, depression, etc.) and those who had moved healthcare providers (higher HbA 1c , hypoglycaemia, ketoacidosis and hospital admissions).
• Despite these challenges, 91% never/rarely contacted university support services.
• There is scope for a national approach to improving the focus care pathway.
were subjected to basic content analysis in NVivo software 10 to categorize and summarize the data.
Results
Sample characteristics
Some 584 (31%) students with Type 1 diabetes completed the questionnaire (335 by post, 249 online), with more female than male respondents (64% and 36%) ( Table 1) . Mean age was 20 years (SD 2.0) and mean age at diabetes diagnosis was 11 years (SD 5.0), with the vast majority (87%) diagnosed before university. Most lived away from home during term time and used multiple daily injections of insulin.
Student experiences of healthcare services
Regardless of where in the UK students were studying, 62% (360) continued with their home diabetes healthcare team, whereas 32% (187) moved to their university healthcare team (6.3% were unknown). Of those students who had moved healthcare provider, 40% reported reduced access to dieticians, 35% had problems obtaining prescriptions during holidays and 33% reported reduced access to diabetes education (Table S1 ). However, 53% rated the university clinic location as better, and indicated better access to specialist nurses and GP services (48% and 47% respectively) compared with home. On average, students had attended a diabetes clinic 2.9 times (SD 1.98) in the past 12 months. Almost a third (30%) had missed at least one clinic appointment in the previous 12 months; the main reasons included a clash with their university timetable (33%), unable to travel to an appointment at home (18%) or forgot appointment (16%). Some 35% of students had not received at least one component of the annual diabetes review (Table S2 ). This was highest for the foot check, where 20% had not received an examination in the past 12 months. No associations were found between missed annual reviews and any particular demographic variables (Table S3) .
A majority of students with diabetes (> 75%) had seen a diabetes specialist consultant, retinal screener, diabetes specialist nurse and GP regarding their diabetes in the past 12 months (Table 2) . However, fewer than half had seen a dietitian, just over one third had seen a podiatrist and only 8.4% had seen a psychologist. Over half of respondents reported that they would not know how to access psychological help.
Changes in glycaemic control since starting university
One-third of students did not know their HbA 1c level (Table 3) . Of the 390 students (67%) who did report their HbA 1c level, the mean was 68 mmol/mol (SD 19) (8.4% with SD 4). Since starting university, just under one half of respondents (44%) reported that their HbA 1c value was much or slightly worse, whereas just under one quarter (22%) reported that it was much or slightly better. Some 28% of students also reported that the number of missed insulin doses had increased since they started university. In terms of managing their diabetes at university compared with at home, nearly two-thirds (63%) perceived it to be much or slightly harder, whereas 9.7% reported that it was much or slightly easier. The number of students in each age year group was different. Majority of students go to university around 18-19. Students age over 22 were likely attending longer course such as medicine or they are studying second degree.
ª 2018 Diabetes UK At university, 287 (52%) students reported having three or more hypoglycaemia episodes per week, with 53 (9.6%) reporting severe hypoglycaemia needing assistance; 86 (16%) had ketoacidosis and 56 (10%) had diabetes-related hospital admissions other than ketoacidosis. Some 68 (12%) had diabetes eye problems and 50 (9.1%) had a urine test showing protein (Table S4) . Compared with male students, female students at university were significantly more likely to report a higher HbA 1c measurement, more perceived difficulty with diabetes self-care, three or more hypoglycaemia episodes per week and diabetes eye problems (Fig. 1) . Compared with students who kept their home specialist team, students who moved their healthcare team while at university were significantly more likely to report a higher HbA 1c level, three or more hypoglycaemia episodes per week, emergency admissions for ketoacidosis and other diabetes-related hospital admissions (Fig. 2) . Students who used insulin pumps and those diagnosed while at university were less likely to report a higher HbA 1c measurement (Table S5) . No significant differences were found between age/year of study and diabetes problems at university.
Perceived barriers to optimal self-management
Respondents were asked whether a range of factors had had an impact on their ability to manage their diabetes while at university, rating each from 1 (no impact) to 5 (high impact) ( Table S6 ). The main factors impacting on diabetes selfmanagement were stress, irregular meals, the type of food and drink consumed, lack of structure and routine, and university timetables.
The issues that had the most impact on optimal diabetes self-care (rated 4 or 5) were compared with a range of factors (Table S7) Date are given as n (%). HCP, healthcare provider; NA, not applicable. diagnosed at university had concerns about their ability to regulate meal times (OR 1.99, 95% CI 1.14-3.45), food and drink at university (OR 1.81, 95% CI 1.10-3.15) and exercise/sport (OR 2.02, 95% CI 1.13-3.59) (Table S7) . Conversely, they reported better HbA 1c (Table S5 ) and less frequently missed clinic appointments (OR 0.29, 95% CI 0.14-0.62) ( Table 3) . Compared with students who kept their home specialist team, those who had moved their healthcare team while at university reported a higher impact of alcohol (OR 1.7, 95% CI 1.15-2.52), sports/exercise (OR 1.65, 95% CI 1.09-2.49) and weight management (OR 1.59, 95% CI 1.04-2.45). Changing healthcare team had a greater impact on students using insulin pumps (OR 2.12, 95% CI 1.25-3.58).
Information, support and advice
The majority of students had received specific diabetes management information on hypoglycaemia (88%), alcohol (84%), exercise (79%), ketone testing (79%), driving (77%) and sickness advice (69%) ( Table S8) . By contrast, fewer students had received information specific to young persons' health: 22% received information on sexually transmitted infections or substance use and 25% on mental health/ depression; 50% of females received information on contraception and 39% on pregnancy care and diabetes. Specific information related to starting university such as registering with a new GP and accessing university student support services were also received by a majority of students (64.9% and 62%, respectively). However, 50% of students had not received any information on how to access specialist hospital care while at university. Some 45% of respondents also reported inadequate information on changing the timing of insulin with a changing routine, who to contact in an emergency while at university (42%), how to apply for additional financial support (41%), and how to obtain extra support for exams and coursework (40%) ( Table S8) .
While at university the main source for support or advice for students were their parents and family (38% contacted very often or often), followed by their diabetes specialist nurse and diabetes consultant (22% and 17%, respectively, contacted very often or often), (Table S9 ). In total, 91% reported never or rarely contacting university student support services for advice or support. The main method of communication between students and their healthcare team was via telephone (57%) or letter (41%), although 32% FIGURE 1 Risk of poor glycaemic control in female students. Adjusted OR (95% CI) calculated for gender, age, whether living at home or away, whether diagnosed at university or before, whether moved healthcare at university and whether on insulin injection or pump.
FIGURE 2
Risk of poor glycaemic control in with change of healthcare provider. Adjusted OR (95% CI) calculated for gender, age, whether living at home or away, whether diagnosed at university or before, whether moved healthcare at university and whether on insulin injection or pump.
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Discussion
In this national survey of university students with Type 1 diabetes, we have shown that the transition from home to university is a challenging and high-risk time for young people with Type 1 diabetes. Dedicated (on the campus) GPled university medical services were available in only some universities. Students at many universities had to make their own arrangement to register with nearby GPs. A majority of students were under the care of a hospital specialist diabetes team either in their home town or closer to the university. Some 58% of students never contacted their GP for diabetes advice. Advanced technology (insulin pump, continuous glucose monitoring) and specific self-management skills such as carbohydrate counting require specialist skill. It was likely that students were more comfortable discussing these issues directly with their specialist teams. Two-thirds of university students reported that diabetes self-management became more challenging, with almost half experiencing deteriorating glycaemic control and recurrent hypoglycaemia since starting university. Two particular groups of students (females, and those who had moved to a university healthcare provider) were at much higher risk.
Missing clinic appointments is an issue among young people and has been shown in other chronic illnesses, e.g. childhood cancer survivors [25] . Accessibility and lack of flexibility (evening/weekends and or dedicated youth clinics) also contributed to missing appointments. Female students had a higher hypoglycaemia risk, struggled with erratic meals and routines, and had more issues with general illness, stress, depression and weight management. Previous research that has looked at gender differences in health outcomes among university students, found that male students reported more health-risk behaviours than female students [26] , whereas females reported more weight management issues and total stressors than males [27] . There is little research available specifically on gender differences among university students with diabetes, but research from a wider population suggests this strong gender inequality is also apparent in the health of young people with Type 1 diabetes at university. A recent meta-analysis found that females were at increased relative risk of all-cause mortality, cardiovascular disease, stroke and renal disease [28] . If diabetes is less well controlled among females than males at this stage in their lives, one could argue for more targeted support and awareness of these gender differences at this young age.
Students who moved healthcare provider at university were also at higher risk. Kipps et al. [29] also reported that some students who were away at university but maintained contact with specialist care in their home town had better clinic attendance. The reasons for this were unclear, but may, in part, be related to students who were having problems (actual or perceived) at university actively seeking to move their healthcare provider. There may have been delays in accessing care at university or establishing relationships with a new team. These findings demonstrate the increased risk for those moving their healthcare provider at university and add to existing research on transitional care. Garvey et al. [30] found that those who cited moving/relocation as the most important reason for transition were more likely to report gaps in care exceeding 6 months. However, in our study, there was no clear evidence of deterioration in access to support in students who had moved healthcare provider. Indeed, students reported easier access to specialists, diabetes nurses and prescriptions, and better communication when they moved to a service closer to their university.
However, a high percentage of students kept their specialist diabetes care with their home team and half of students had not received any information on how to access specialist diabetes hospital care while at university. In addition, many missed their clinic appointments due to clashes with university schedules or were not able to go back home to see their specialists. Although most students received some diabetes self-management information, targeted and age-appropriate information on contraception, pregnancy, alcohol, mental health, coping strategies to deal with changing routines, university responsibilities and lifestyles, and accessing National Health Service (NHS) services at home and university were commonly lacking.
Students who were newly diagnosed at university experienced more challenges with their university lifestyle (not able to have regular meals, type of food and sports). However, they reported better glycaemic control and missed clinics less frequently than those who were diagnosed prior to attending university. The effect of the honeymoon phase of diabetes, during which patients required very low doses of insulin, might explain their good glycaemia control. It could, however, also be due to their better engagement with healthcare professionals for their diabetes self-management, presumably with less direct parental supervision.
It was surprising to find that older students have more issues with their diabetes management. This age group likely included 'mature students' who had more complicated life commitments with busy timetables, social isolation (less likely to live in university halls) and greater personal responsibility. Older students were also likely to be more concerned with the financial burden of being a student as well as their future career prospects on leaving university.
Previous research comparing the health behaviours of young adults with and without Type 1 diabetes found that both engaged in risky behaviours, such as alcohol consumption, binge drinking and smoking, and experienced similar levels of psychological well-being [31] . However, having diabetes was associated with lower life satisfaction and lower life purpose over time, compared with peers without diabetes. Comparing first-year university students with chronic illnesses with first-year students who were considered healthy, Herts et al. [32] found that students with either physical or mental chronic illness had lower health-related Quality of Life scores and higher loneliness scores than their healthy peers. Yet few first-year students with a chronic illness sought support from their college. Increased university student support may improve knowledge and diabetes selfcare, yet only a small number of students in this study sought additional support at university. Students with Type 1 diabetes are required to declare their 'disability' on the UK university application form. This factor likely contributed to the young person not accessing a student support service as they perceived having diabetes was not being disabled. Knowledge of diabetes in student support services varied and was sometimes suboptimal because focus was more on physical disabilities and mental illness, rather than other chronic diseases.
This national study is the first to explore diabetes care for UK university students from the perspective of young people. The study has limitations, particularly selection bias, with only 31% of invited participants returning competed questionnaires. Because of the recruitment method, the characteristics of the non-responders are unknown. We also had a preponderance of female respondents (approximately twothirds) and this potential bias should be borne in mind when considering the findings, although we did carefully adjust our analyses for confounding demographic factors. Data were self-reported and we have no independent verification of selfreported HbA 1c levels.
In conclusion, our findings suggest that there are significant acute and long-term clinical risks and failures in diabetes care for students attending UK universities. The study findings highlight the need for a national approach to improve the care pathway for these young adults living away from home, with a need to focus on care for female students and those who move healthcare teams. We recommend developing a common national pathway for young people with diabetes who transition to universities. The pathway could include upskilling students' knowledge of their diabetes self-management with a focus on dealing with risky behaviour, along with information on accessing health care, examination and financial support. In addition, a pathway to support healthcare professionals with guidance and information is important for care of this at-risk group. The authors are committed to working collaboratively with leading national diabetes organizations, i.e. Diabetes UK, JDRF and NHS England (diabetes), to establish those pathways. The role of student support services in actively developing peer support groups and support networks across the university could be explored. Very little was known about other chronic disease management in universities, this study may provide platform for unifying other chronic disease management at universities.
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